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ENETIC recombination is a natural source of variation. Experiments with 
chromosomes of Drosophila pseudoobscura, D. prosaltans, D. persimilis, D. 
willistoni, and D. melanogaster with quasinormal viability show increases in the 
variation of viability values for homozygotes after recombination between strains 
(SPASSKY, SPASSKY, LEVENE, and DOBZHANSKY 1958; DOBZHANSKY, LEVENE, 
SPASSKY, and SPASSKY 1959; SPIESS 1959; KRIMBAS 1961; WALLACE, KING, 
MADDEN, KAUFMANN, and MCGUNNINGLE 1953; SPIESS and ALLEN 1961). If 
most of the chromosomes showing quasinormal viability in the homozygous con- 
dition had identical karyotypes, little variation would be expected after recombi- 
nation between such chromosomes. Since variation is produced at a highly sig- 
nificant level, it may be concluded that few, if any, chromosomes from different 
origins with similar viability values have the same genetic constitution. I t  seems 
that the effects of recombination are greater for some species of Drosophila than 
others, which may also apply for different chromosomes in the same species. It 
was observed that chromosome 3 of D. melanogaster was more sensitive to recom- 
bination than chromosome 2 (SPIESS and ALLEN 1961). 
Effectively. recombination breaks up linkage groups to form new ones. Linkage 
groups arising from chromosomes that show better than average viability when 
homozygous show a reduction in average viability or approach the natural con- 
dition after recombination. The most extreme expression of recombination is the 
production of lethals. Lethals thus produced were first termed synthetic by DOBZ- 
HANSKY (1946) from work with D. pseudoobscura. Evidence for synthetic lethals 
has been reported for second chromosomes of D. pseudoobscura (DOBZHANSKY 
et ul. 1959; SPASSKY et al. 1958), D. prosultans (DOBZHANSKY et al. 1959), D. 
willistoni (KRIMBAS 1961 ). and D. melanogaster (WALLACE et al. 1953; MISRO 
1949; THODAY 1963). However, in recombination experiments with third and X 
chromosomes of D. melanogaster (HILDRETH 1955, 1956), with second chromo- 
somes of D. persimilis (SPIESS 1959). and second and third chromosomes of D. 
melanogaster (SPIESS and ALLEN 1961) there was little conclusive evidence for 
the production of synthetic lethals. 
There is little doubt that recombination can produce combinations of genes 
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that are lethal, but the rate for different species and for different chromosomes 
within species is not clear. This rate is surely based on the linked genes under 
investigation. Linkage groups from different origins but with similar viability 
values when homozygous could show different effects of recombination. The 
following study was conducted with this possibility in mind. Since SPIESS and 
ALLEN (1961), observed a different degree of variation for second and third 
chromosomes produced by recombination, as well as negative evidence for the 
production of synthetic lethals on those chromosomes, investigation of chromo- 
somes of similar viability from a natural endemic population, in contrast with a 
more well defined laboratory population, seemed in order. 
MATERIALS A N D  METHODS 
Samples of D. rnelanogasler were collected in threa different areas in Austin, Texas from 
1% to 2% miles apart. From 103 males collected, one second and one third chromosome were 
tested simultaneausly for relative viability in the homozygous candition with a balanced marker 
technique as follows: 
Chromosame: 2 3 9 5 
PI: +I/+- ' .  +a/+" male X Cy/Pw, Ubx/Sb females 
F.,: Cy/+, Ubx/+ sib mating (identical genotypes far chromosomes 2 and 3) 
F:,: Expect, 67% marker/+ : 33% homozygous wild type for each chromssome, or: 
45% marker/+ for both 2 and 3 
22% marker/+ for 2, and homozygius wild type for 3 
22% homozygous wild type for 2, and marker/+ for 3 
11 % homozygous wild type for bath 2 and 3 
Marker chromosames Curly Second Multiple-1 (CySM1) and Ultrabithorax (Ubx1^"), with 
inversions to eliminate crossovers, and markers Plum (Pm) and Stubble (Sb) are lethal in the 
homozygaus condition to give the expected ratio far classes in the F3. The expected ratio in the 
F for either chromosoms alone is 67% marker type to 33% wild type. Viability values are based 
on the percent of homazygous wild type observed for all chromosomes with the above tests. From 
100 strains investigated with this method, six were used to test for release of variation through 
recombinaton of quasinormal second and third chromosomes (thoss showing nearly the expected 
numbar of wild-type flies in the F:<). The fallowing procedure was use for the tests: 
PI-All possible crosses between six balanced strains with quasinormal chromosomes 2 and 3 
(strain 12, 41, 67, 68, 74, and 84 wers chosen from 100 flies tested from the original popu- 
lation) for a total of 15 different crosses. 
Fl-Ten wild-type single femalss (for effects of recombination from each P ,  cross) or wild-type 
single males (for effects of reassortment of whole 2 and 3 chromosomes) X Cy/Pm, Ubx/Sb 
males or females respectively. 
F , -Cy/+,  Ubx/+ male (with balanced 2 and 3 chromosomes that are recombination products 
of P, crosses, or reasserted 2 and 3 chromosomes from PI depending on whether a wild-type 
male or female was used in F, crosses) x Cy/Pm, Ubx/Sb females. 
F:,-Cy/+, Ubx/+ sib mating (identical genotype for chromosomes 2 and 3 by use of single 
F., Cy/+, Ubx/+ male). 
F,-On? hundred flies were scored per culture for straight us. Curly wings (expected 67% curly 
to 33% straight), and independently Ultrabithorax halteers us. wild-type halteers (expected 
67% Ulthrabithorax halteers to 33% normal) ; for 15 original crosses with ten recombination 
subcultures and ten nonrecombination subcultures for each cross for 300 subcultures and a 
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total of 30,000 flies. If less than 100 but more than 50 flies resulted in the F4 generation, 
adjustments were made proportionately, e.g., 15 Curly-winged flies in a total of 50 was 
recorded as 30 Curly-winged flies. 
The cultures were maintained in half+nt milk bottles 01 in 3.5 by 10 cm vials on cornmeal- 
agar-Karo-yeast food media at about 25'C. 
The experimental plan is a modification of the tests by S TESS and ALLEN (1961) on chromo- 
somes from a laboratory cage population (WALLACE'S contml #3 originally free of lethals and 
semilethals on chromosome 2 ) .  Six instead of ten test stoiins were used in this experiment, 
resulting in 15 crosses with, and 15 crosses without recornbination. Classifications of the F4 
generation were made in such a way that the double homoz:-gous class could not be determined. 
Second chromosome marker flies were classified without regard for third chromosome marker 
flies, and vice versa. Therefore, no conclusions can be made fw the double homozygous class free 
of bath marker chromosomes, which has an expected value )f 11 % in  the F4. 
The original design of this experiment was used to test ,!ffects of recombination for selected 
second chromosomes of D. pseudoobscura, D. prosaltans, I ) .  persirnilis, and D. willistoni by 
SPASSKY et al. (1958), DOBZHANSKY et cd. (1959), SPIESS ( 959), and KRIMBAS (1961), respec- 
tively. The statistical treatment of data was presented by LEVENE (1959), a modification of which 
is used for this investigation, along with t-tests for compirisons between recombinant, non- 
recombinant. and control chromosomes. 
RESULTS 
Description of the Austin, Texas population: T i e  population from which six 
quasinormal strains were chosen shows a wide range of viability values for homo- 
zygous second and third chromosomes (Figure 1 ). The height of the bars indicate 
the number of chromosomes that gave rise to different percentages of wild-type 
flies. These different percentages are arranged on the ordinate from 0 to 44 at 2% 
intervals, thus showing the distribution of chro~nosomes as to their relative 
viability. The largest single class for both chromo;omes was 0, or chromosomes 
carrying at least one recessive lethal. There was n ~ )  apparent difference between 
the numbers of lethal-bearing chromosomes for the second and third chromo- 
somes. For 100 second and 100 third chromosontes the average viability was 
19.98 Â 1.35 for the second, and 20.50 Â 1.26 foi the third. When lethals are 
omitted from the calculations, the viability is 25.62 * 1.06 for second, and 25.31 * 
0.94 for third chromosomes. As for the lethal segment of viability, there was no 
significant difference between 22% and 19% lethals observed on second and 
third chromosomes in this natural population. 
Average viability of chromosomes with and without recombination: Tables 1 
and 2 for the second and third chromosomes respectively are constructed to show 
the average viability of ten subcultures for each cross between six strains, in the 
body of the table. Those with recombination (by using Fi males) are shown in 
the lower left half. Control viability values (six subcultures of each balanced 
strain obtained during the course of the experiment) are shown in italics; these 
separate recombinants from nonrecombinants in the tables. The means of average 
viabilities of one strain with all other strains (X) is the last column on the right 
for recombinants and the last row along the bottom for nonrecombinants. Grand 
means (m),  the average of means for experimentals, and average variation for 
controls are located in the right lower corner of the table. Where two values occur 
together, the uppermost (in parentheses) is calculated by omitting lethals. 
A. C .  ALLEN 
n Chromosome 2 average vizbility=l9.98 1.35 
.... 
1 Chromosome 3 averaze viabiIity=20.50 2 1.26 
PER CEXT WILD TYPE 
FIGURE 1.-Relative viability of homozygous second and third chromosomes of Drosophila 
melanogaster from an Austin, Texas population. 
Viability values appear to decrease both after recombination and reassortment 
of second and third chromosomes. Mean viability values are consistently lower 
than controls except for second chromosomes of strain 12 (recombinants and non- 
recombinants) recombinants of strain 41 (excluding a lethal in cross 41 x 74), 
TABLE 1 
Average viability of homozygous second chromosomes with recombination (upper right half of 
table) and without recombination (lower left half) between six strains 
Average viabilities for homozygous recombinants 
Strain 12 41 67 68 74 84 X 
12 27.6* 26.6 31.1 27.4 32.6 30.5 29.64 
3 (34.0)t (26.08) 
@ 41 26.8 25.6 22.0 28.6 30.6 19.2 25.40 
a (15.4) (23.87) 
5 67 33.2 28.2 29.5 13.5 30.4 20.4 23.48 I (10.9) (26.21) 
2 68 29.7 16.8 7.6 29.5 30.8 28.8 25.82 @ (30.80) 
~3 74 27.2 36.2 33.1 34.5 34.3 26.2 30.12 
*2 84 32.6 18.8 27.6 31.8 30.3 33.5 25.02 
v 
.- 
.- 
(26.94) 
- (8 (26.59) (24.73) i k 2 6 . 5 8  
.- 
- 
X 29.90 25.36 25.94 24.08 32.26 28.22 
s, 
2 (27.84) fik30.0 
2 6=27.63 
Control average viabilities are in italics. + Lethals are included except for the values in parentheses, where they are excluded. 
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TABLE 2 
Average viability of homozygous third chromosomes with recombination (upper right half of 
table) and without recombination (lower left half) between six strains 
-- 
Average viabilities for homozygous recombinants 
- 
Strain 12 41 67 68 74 84 X 
* Control average viabilities are in italics. 
f Lethals are included except for the values in parentheses, where they are excluded. 
and third chromosomes of strain 67 (recombinants [excluding two lethals in  
cross 12 X 671 and nonrecombinants) . The grand means show that among second 
chromosomes the overall decline is 3.42 (3.06 excluding lethals) for recombi- 
nants, and 2.37 (2.16 excluding lethals) for nonrecombinants. Among third 
chromosomes the decline is 2.78 (2.05 excluding lethals) for recombinants, and 
2.68 (2.48 excluding lethals) for nonrecombinants. This decline in viability does 
not appear to be significant for second chromosomes when a comparison is made 
between recombinant mean viability and controls, and between nonrecombinant 
and controls (0.05 < P < 0.10, t = 2.18 for recombinants; 0.10 < P < 0.20, 
t = 1.95, nonrecombinants; 5 df each). When lethals are omitted from the calcu- 
lations, the decline in fitness for third chromosomes is not significant. This should 
not be taken as a real difference between second and third chromosomes, for when 
the average viabilities and mean. viability (X) are compared for the two auto- 
somes, there is no significant difference. Although a t-test shows no difference 
between recombinants and nonrecombinants when compared with controls, 
except for third chromosomes when lethals are included, there is an overall 
decline in viability after recombination and reassortment. The grand means (2)  
for experimentals approaches the nonlethal segment of the population (Table 7) 
which is 25.62 Â 1.06 for second chromosomes, and 25.31 Â 0.94 for third chro- 
mosomes (19.98 * 1.35 and 20.50 Â 1.26 if lethals are included for  second and 
third chromosomes respectively). 
Average variance for homozygous recombinant and nonrecombinant second. 
1414 A. C. ALLEN 
and third chromosomes: Variance values in Tables 3 and 4 are arranged the same 
as viability values in Tables 1 and 2. Where two values are given, the uppermost 
value is calculated omitting lethals. Variance values (V) for each cross involving 
ten tests for each) and controls (six tests for each) is crude variance (U) minus 
binomial sampling variance (5 ) .  Plus values represent real variance. The mean 
variance (F4,) for any strain is the average real variance of the five crosses 
involving that strain, and the grand mean (S) is the average of means for all 
strains among recombinants and nonrecombinants and the average variation for 
control tests for six strains. 
Controls show some real variance for both second and third chromosomes as 
seen for grand mean values (7.56 for 2, 3.43 for 3).  This variation is produced 
among tests involving strains 67, 68, 74, and 84 for second, and strains 41 and 84 
for third chromosomes. However, the range in variation among controls does not 
include lethals. Strain 68 contributes most to mean variance for controls among 
second chromosomes (37.51). Strain 84 shows the highest variance value among 
third chromosomes (57.00) for controls, and also, the second highest among 
second chromosomes (20.44). Yet, 84 is the only strain not involved in pro- 
duction of lethals in any cross. However, more variation is expressed in some 
crosses involving strain 84 (84 x 41, 84 x 67 among second chromosomes) than 
in those crosses producing lethals. 
When variances for recombinants us. nonrecombinants are tested for differ- 
ence, there is no significant difference (P > 0.1 0, t = 1.76 for chromosome 2; 
P > 0.10, t = 1.47 for chromosome 3; 14 df each). That is, it appears that no 
TABLE 3 
Average within variances for second chromosomes with (upper right half of table) 
and without (lower left half) crossing over between six strains 
Variance for homozygous recombinants 
- 
Strain 12 41 67 68 74 84 y^l 
12 -16.09* 45.04 6.00 14.38 10.52 2.41 15.67 
rn +. (-14.69)+ (73.98) 
c G 41 7.99 -2.56 46.84 7.40 101.24 285.33 97.17 
'JS (159.95) (96.94) 
E 67 11.33 14.37 3.91 166.32 11.12 260.79 98.21 (149.13) (43.41) 
s 68 13.57 61.75 126.35 37.51 30.64 4.69 44.69 
% A (9.64) 
g 74 40.37 24.20 -2.04 -15.66 2.15 10.61 32.83 
84 4.07 226.46 55.62 -1.96 25.11 20.44 112.77 
L 
*2 (58.74) 
fl (45.68) (41.37) &=66.89 
.c % 15.47 66.95 41.13 36.81 14.40 61.86 
$ (40.96) %= 7.56 
Ge39.44 
* Control average viabilities are in italics. 
7 Lethals are included except for the values in parentheses, where they are excluded. 
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TABLE 4 
Average within variances ( V )  for third chromosomes with (upper right half of table) 
and without (lower left half) crossing over between six strains 
Variance for homozygous recombinants 
- 
Strain 12 41 67 68 74 84 Y tl 
* Control average viabilities are in italics. 
7 I.ethals are included except for the values in parentheses, where they are excluded 
more variation is produced with recombination than with reassortment of chromo- 
somes without recombination when tested with the method of t. Comparisons of 
mean variance (Tii) values for second chromosomes show a significant increase 
in variation with recombination when lethals are included (0.05 > P > 0.02, 
t = 2.92 with 5 df), but no difference among third chromosomes (P > 0.05, 
t = 2.24; 5 df) and for the nonlethal segment for second chromosomes ( P  > 0.10, 
t = 1.76; 5 df) .  
Tests for an increase in variation with recombination and reassortment over 
controls appear significant for second chromosomes (0.05 > P > 0.02, t = 3.06 for 
recombinants; 0.02 > P > 0.01, t = 3.51 for nonrecombinants; 5 df each) but not 
for third chromosomes ( P  > 0.10, t = 1.90 for recombinants; P > 0.10, t = 0.75 
for nonrecombinants; 5 df each). The latter unexpected results may reflect the 
high degree of variation observed among control tests for strain 84. 
The grand means ( 2 )  show similar results in both Tables 3 and 4. The overall 
average variation is highest among recombinants. Controls show the least vari- 
ation, and reassortment of whole chromosomes an intermediate effect. The total 
real genetic variance produced by recombination may be calculated by taking the 
grand mean variance of recombinants, minus the sum of nonrecombinants plus 
control variance. These values are 19.88 for second chromosomes (10.22 omitting 
lethals) and 13.64 for third chromosomes (0.64 omitting lethals). When includ- 
ing lethals, the variation produced by the two long autosomes is of the same 
magnitude. 
Analysis of variance for viability values of second and third chromosomes: 
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Total variation is broken down into four components for recombinant and non- 
recombinant second and third chromosomes in Table 5. These components of 
variance are additive, nonadditive, within, and residual. The additive com- 
ponent is the effect of any chromosome to increase or decrease viability in those 
crosses involved. The sum of squares for additive effects is calculated by taking 
5/4 of the difference between the grand mean viability and the mean viability of 
the crosses involving each strain, or the additive effect of any chromosome = 5/4 
( Y i - h )  where Y, is the mean viability, and 6i is the grand mean viability involv- 
ing that chromosome. F values for this component of variance show no significant 
plus or minus effects with or without recombination after crossing these selected 
chromosomes in all possible combinations. 
TABLE 5 
Analyses of variance for recombinant and nonrecombinant viabilities 
Description Sum of squares df Mean squares F 
Recombinant second chromosomes 
(57.25) + (11.45) (0.58) 
Additive 56.48 5 11.30 0.53 
(1 76.61) (19.62) (6.02) * * 
Nonadditive 190.71 9 21.19 5.90** 
(3.26) (2.89) * * 
Within 135 3.59 3.18" 
Total residual 30 1.13 
Nonrecombinant second chromosomes 
(64.64) (12.93) (0.26) 
Additive 74.37 5 14.87 0.25 
(454.02) (50.45) (20.02) * * 
Nonadditive 535.57 9 59.51 24.29 * * 
(2.52) (2.19)** 
Within 135 2.45 2.13" 
Total residual 30 1.15 
Recombinant third chromosomes 
(13.46) (2.69) (0.21 ) 
Additive 18.04 5 3.61 0.32 
(113.73) (12.64) (8.00) * *  
Nonadditive 100.39 9 11.15 4.74** 
(1.58) (1.66)** 
Within 135 2.35 2.47* * 
Total residual 30 0.95 
Nonrecombinant third chromosomes 
(34.38) (6.88) (0.32) 
Additive 28.93 5 5.79 0.26 
(194.71) (21.63) (15.34) * *  
Nonadditive 203.76 9 22.64 13.80" 
(1.41) (1.48) 
Within 135 1.64 1.73* 
Total residual 30 0.95 
* Significant at 5 U e v e l .  ** Significant at lo level. 
+ Values in parentheses were calculated without letha'k. 
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The difference between the calculated additive effects and what is observed is 
the nonadditive, or interaction effect. This value (gi ,) for the combination of any 
two chromosomes is measured by subtracting the additive effects of both chromo- 
somes involved (a, and ai) and the grand mean viability (A) of all crosses from 
the average viability - ( F i j )  of ten samples from the cross involving those two 
chromosomes (gi = Y j-aj-ai-m'). F values show consistent significant inter- 
action effects for all chromosomes both intrachromosomal and interchromosomal. 
The large F values for second and third chromosome nonrecombinants compared 
with recombinant values in this experiment show that interchromosomal inter- 
action can have as great or greater effect to produce variation in the viability of 
homozygotes as that produced by intrachromosomal interaction. 
Within variance measures the variability within crosses that arise from com- 
bining any pair of chromosomes and the formation of new linkage groups through 
recombination or new combinations of chromosomes after reassortment. This 
value is estimated from mean crude variance (Â£/) or mean crude variance for 
15 samples of ten each within crosses. Mean square within is taken as (7/24. This 
component of variance should be significant if recombination produces variation 
through the formation of new linkage groups, and if reassortment of nonrecombi- 
nant chromosomes produces variation through intrachromosomal interaction. 
Table 5 shows large F values for recombinants when compared with nonrecombi- 
nants for within variance. Both recombinant values are significant at the 1% 
level, except when lethals are omitted among third chromosome recombinants, 
which shows significance at the 5% level. Nonrecombinant chromosomes also 
show significant variation for within variance at the 1 % level for second chromo- 
somes and at  the 5% level for third, but when lethals are excluded from the 
calculations for that chromosome, they show no significance. Lastly, total residual 
variance arising from residual genotypes, binomial sampling, and environmental 
effects has 30 degrees of freedom (6 counts were made for each of 6 strains). The 
mean square value for the total residual is estimated as the control average vari- 
ance (V/24, where V = mean variance of control chromosome) plus the average 
sampling error, or [~(IOO-^)]/I00 : 24, where X i s  the observed grand mean 
viability value. 
Lethals: Ten chromosomes were found to be lethal among 600 chromosomes 
tested (Table 6 )  during a period of about 15 generations. Among the experi- 
mental~, 0.1 1 % of second and third chromosomes together acquired a new lethal 
each generation. No lethals were observed in strain cultures (single pair matings) . 
These lethals could have arisen by, (1) mutation, based on the estimated rate of 
0.1% to 0.4% for X chromosomes, and 0.3% to 0.7% for second chromosomes, 
(2) through changes brought about by combining second and third chromosomes 
of similar but different origins (intrachromosomal interaction), or (3)  through 
crossing over and recombination of chromosomes (synthetic, interchromosomal 
interaction). 
Five lethals were found on the second and five on the third chromosomes in 
this experiment. Where tests were possible, no alleles were found among these 
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TABLE 6 
Number of lethals produced in recombinants and nonrecombinants for six strains for 
second, and. third chromosomes from the natural population 
Recombinant Nonrecombinant 
Chromosomes Cross Lethals Cross Lethals 
Second 41 x 74 1 
67 X 68 1 
Third 12 x 67 2 
12 x 68 1 
41 x 68 1 
Total: 4 
lethals. The similar rate indicates that lethal production, whether by mutation or 
interaction, is similar for second and third chromosomes of quasinormal viability 
from a natural population of D. melanogaster. Only one strain (84) of the six 
used was not involved in the production of any of the lethals. The other five 
strains were involved with at least two and not more than six. 
It is of interest that some strains, e.g., 12,67, and 74 are involved in production 
of lethals, but contribute little or none to variation in control cultures. On the 
other hand, at least strain 84 is not involved in production of lethals and con- 
tributes more than any other strain to variation in control cultures. 
DISCUSSION 
Drosophila populations maintain a high degree of variation for genes and gene 
complexes that control fitness. The genetic load can be uncovered when chromo- 
somes are manipulated into the homozygous condition. The extent of the genetic 
load varies, at least, for different chromosomes in the same fly (SPIES and ALLEN 
1961), for the same chromosome from different locations (DOBZHANSKY and 
SPASSKY 1963), and for the same chromosome from collections made during 
different seasons (BAND and IVES 1961). Some of these differences may be ex- 
plained, but how much of the load falls under the category for a classical popu- 
lation or a balanced population is difficult to determine. Under the classical con- 
dition a lethal or semilethal gene or gene complex is eliminated from the popula- 
tion at a rate determined, for one thing, by how much the lethal decreases the fit- 
ness of the heterozygote. Its maintenance in the population depends on recurrent 
mutation (mutational load). Selection for a well adapted "classical" population 
would result in uniformity and chromosomes showing similar viability values 
should be little or not affected by recombination and/or reassortment of chromo- 
somes. On the other hand, if recessive lethals or semilethals improve the fitness of 
the heterozygous carrier (heterosis) they could be maintained indefinitely (to 
the extent permitted by chance events) without recurrent mutation in a balanced 
condition (balanced load), and selection would favor heterozygosity giving an 
array of different linkage groups with similar viability values that could be 
greatly affected by recombination and/or reassortment. Those species tested (D. 
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pseudoobscura, D. persimilis, D. prosaltans, D. willistoni, and D. melanogaster) 
support the balance hypothesis in that recombination of quasinormal chromo- 
somes produces significant variation that would not be expected in a classical 
population. In general, the above report lends to the support of this hypothesis 
for D. melanogaster, as observed in the analyses of variance (Table 5) .  
Additive components in the chromosomes used for this experiment, as for other 
chromosomes tested in similar manner, were not sufficient to produce significant 
variation. However, epistatic interaction of genes after recombination produced 
significant variation, but more strikingly so did reassortment of intact second and 
third chromosomes without recombination. The latter is supported by the fact 
that there was significant within variance ~roduced by the segregation of second 
and third chromosomes. SPIESS and ALLEN (1961) found within variance for 
third chromosomes, but not second, which indicated a difference between these 
two autosomes. The difference is not supported in this report on chromosomes 
from a natural population. 
Recombination, as well as reassortment, should lower the viability of quasi- 
normal chromosomes if selection has favored the best combination of genes and 
chromosomes. This was not observed for second chromosomes of D. melanogaster 
from a laboratory population (SPIESS and ALLEN 1961). Statistically, viability 
values are not lowered for chromosomes in this report as shown with t-tests, even 
though there was an average decrease in viability among recombinants and non- 
recombinants (including and excluding lethal~, Table 7) when compared with 
mean viability of chromosomes before crossing. That is, quasinormal chromo- 
somes show a reduction in viability approaching that observed in the nonlethal 
segment of the original population. Variance engendered by recombination was 
66.8% (58.72/87.85) of what was observed for the original population for second 
chromosomes when lethals are omitted from both values. The third chromosomes 
showed 25.6% (18.4/71.99) of that for the original population. Reassortment, 
also, shows production of variation, but not to the extent that recombination does. 
Second chromosomes show 46.6% (40.95/87.85) of what was observed for the 
original population after segregation alone, and 19.98% (14.38/71.99) for third 
chromosomes. 
If recombination and/or reassortment produces variation the within com- 
ponent of variance should be significant. The analyses of variance (Table 5) 
show this component to be significant at the 1% level for both chromosomes 
under both conditions except for third nonrecombinant chromosomes which was 
significant at the 5% level when lethals were included in the calculations. There 
is, perhaps, no real difference between third and second chromosomes of D. 
melanogaster in their response to recombination and/or reassortment, even 
though it appears here that third chromosomes are least affected. SPIESS and 
ALLEN (1961) observed, in contrast, that second chromosomes were least affected 
compared with third, in that reassortment alone did not produce significant 
variation in second chromosomes and were less affected by recombination when 
compared with original strains. Second chromosomes show opposite results in 
TABLE 7 
Comparison of the original population with controls and after crossing, including and excluding lethals 
Original population Controls before crossing After creasing 
Mean Mean Mean 
Chromosome viability N SE* at viability N SE V viability SE V 
Including lethals 
Rec. 26.58 k1.36 66.88 
2 19.98 100 21.35 182.06 30.0 6 k1.25 7.56 Nonrec. 27.63 k1.93 39.44 
Rec. 26.38 20.86 37.18 
3 20.50 100 k 1.26 157.75 29.2 6 k0.62 3.43 Nonrec. 26.48 k 1.19 20.11 ? n 
Excluding lethals > 
Rec. 26.94 21.34 58.72 p 
2 25.62 78 k1.06 87.85 . . . . . . . . .  Nonrec. 27.84 k1.78 40.95 ! 
Rec. 26.59 k0.79 18.45 
3 25.31 81 20.94 71.99 . . .  ... . . .  Nonrec. 26.68 k1.22 14.38 
Values from SPIESS and ALLEN (1961), excluding lethals 
Rec. 33.2 Â±0.7 23.68 
2 32.3 80 k0.84 56.25 32.3 , k0.77 . . . Nonrec. 30.5 k0.37 6.94 
Rec. 28.3 k0.62 27.71 
3 28.2 63 20.68 28.94 30.6 . 20.94 . . . Nonrec. 27.9 20.48 14.77 
* s~=standard deviation of cross or strain means; V=real variances within crosses; @=variance of original chromosomes. 
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the two observations. Therefore, the average effect of these forces on the two long 
autosomes of D. melanogaster is probably the same. 
The equality of second and third chromosomes in their response to recombi- 
nation and reassortment is borne out in the production of lethals in experimental 
crosses. There is an equal number produced on both (five each) chromosomes 
when recombinants and nonrecombinants are combined. As already stated, these 
lethals could have arisen from different sources, but since they occur in both 
recombinant and nonrecombinant crosses (6 and 4 respectively) it is unlikely 
that they are synthetic. 
This report does not help distinguish between the mutational and the balanced 
genetic load in the population, even though they probably both exist there. It does 
support the hypothesis for a balanced population as shown by the variation 
released from chromosomes of similar viability after recombination and reassort- 
ment. 
I wish to express my appreciation to DR. WILSON S. STONE for acting as my sponsor and 
advisor during this work. 
SUMMARY 
A natural population from Austin, Texas was sampled and simultaneous tests 
for the second and third chromosome viability were made using a balanced marker 
technique. The population showed a high degree of variation for viability values 
of homozygous chromosomes.-Using six quasinormal strains chosen from these 
tested chromosomes, investigations were made on the effects of recombination 
within chromosomes and/or reassortment. There was no difference in the amount 
of variation produced by recombination within chromosomes and that pro- 
duced by reassortment. Second chromosomes showed an increase in variation 
over the control values, but none was observed for third chromosomes. Similar 
tests on a laboratory population by SPIESS and ALLEN (1961) contrast with these 
results in that second chromosomes were less affected than third.-Analyses of 
variance showed significant epistatic interaction, within variance was significant, 
but additive effects of the chromosomes were not significant. Based on the high 
F values in those categories that were significant, it was concluded that quasi- 
normal chromosomes from the natural population seem to fit a balanced more 
nearly than a classical condition.-The expression of recombination and reassort- 
ment was probably not great enough to show extremes, for there was little evi- 
dence for the production of synthetic lethals. 
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